Abstract Previous studies have suggested that adolescent mothers with higher social support have lower depressive symptoms. This is a longitudinal study of adolescent mothers to examine the association of social support and depressive symptoms over one year postpartum. This was a prospective study of adolescent mothers (N at baseline = 120, N at 1 year = 89; age \ 19 years) enrolled in a teen tot program. Participants completed the Center for Epidemiological Studies Depression Scale for children (CES-DC) and the Duke-UNC Functional Social Support Questionnaire at baseline, 12 weeks, and 1 year. A score of C 16 on the CES-DC was suggestive of major depression. The mean CES-DC scores of the adolescent mothers were C16 points at all three time points (baseline: mean = 18.7 ± 10.3; 53% C 16; 12 weeks: mean = 18.4 ± 11.4, 57% C 16; one year: mean = 20.0 ± 11.4; 57% C 16). Social support had a significant, inverse association with depressive symptoms for all participants from baseline to 12 weeks with a stronger association for those with more depressive symptoms (score C 16) at baseline (beta = -0.030 ± 0.007; P \ 0.001) than for those with fewer depressive symptoms (score \ 16) at baseline (beta = -0.013 ± 0.006; P = 0.021). From 12 weeks to one year, increased social support was only significantly associated with decreased depressive symptoms for those with a higher baseline level of depressive symptoms (beta = -0.039 ± 0.009; P \ 0.001). Depressive symptoms were prevalent among adolescent mothers. For more depressed adolescent mothers, higher levels of social support were associated with less depressive symptoms over the 1 year follow-up. Effective long-term interventions are needed to lessen depression and enhance social support.
Introduction
Adolescent pregnancy and birth rates in the United States are higher than those of other developed nations [1] . In 2008, more than 435,000 infants were born to adolescent mothers, age 15-19 years, in the U.S. with a rate of 41.5 births/1,000 women [2] . Compared to adult mothers, adolescent mothers have higher rates of poverty, single parenthood, abuse and victimization and lower levels of education [3, 4] . Adolescent mothers also may have inadequate social support [3, [5] [6] [7] [8] [9] . And, young mothers appear to have higher rates of postpartum depression than older mothers: one study found that 30% of mothers age 18-24 years had moderate-to-severe depressive symptoms compared to 16% of those age 25-34 and 13% of mothers age 35 and older [10] . Rates of self-reported depressive symptoms among pregnant adolescents and adolescent mothers vary from 28 to 59% depending on the study and the measures used [3, 5, 6, 8, 9, 11] .
Depression in adolescent mothers has important implications for both mothers and their children. Data suggest that a mother's depression may be related to the quality and character of her parenting and to behavior problems in her children [12, 13] . Compared to non-depressed adolescent mothers, depressed adolescent mothers have been reported to have lower perceived maternal competence, hold more punitive views toward childrearing, have less positive feeding interactions, and use more emotion-focused coping styles with their children [9, 11, 14] . Factors that appear to be associated with the risk of depression among pregnant and parenting adolescents include lack of social support, isolation, low self-esteem, life stress, low socioeconomic status, substance use, and less religious involvement [5, 6, 8, [15] [16] [17] [18] [19] [20] [21] [22] . A higher level of depressive symptoms soon after delivery generally has been associated with lower social support [9, 11, 16-18, 20, 22] , although in one study, more social support predicted postpartum depressive symptoms [8] . Adolescent mothers most commonly cite their own mothers and the babies' fathers as sources of social support [7] . Pregnant teenagers may anticipate more social support than they actually receive once they are mothers and may perceive more sources of social support prenatally than postpartum [8, 24] . In one recent metaanalysis, social support had a significant, positive association with maternal-child interactions among adolescent mothers [25] . While many studies have examined the relationship of depressive symptoms and social support at a single time point, few have done so longitudinally, and the longitudinal studies have not followed participants beyond four months postpartum [8, 16, 23] .
The purpose of this study was to investigate whether social support was associated with lower levels of depressive symptoms in adolescent mothers over a one year period. We hypothesized that adolescent mothers with higher levels of social support would report lower levels of depressive symptoms and that this association would hold through one year postpartum.
Methods

Setting
The setting was an urban, hospital-based, teen tot program. In this model of care, a multidisciplinary team provides a ''medical home'' for the teen mother and child, intensive mental health and social work services, and standardized affective and cognitive parenting support. Teen mothers are followed for three years from the birth of their child, or until the mothers are 21.
Subjects
Study participants were first time adolescent mothers age 18 years or younger at enrollment in the teen tot clinic who received clinic services between January 2002 and January 2005. The ages of their babies at study baseline, when psychosocial measures were first collected, varied from a few days to 10 months of age. Participants lived in neighborhoods contiguous to the hospital. Adolescent mothers were invited to enroll in the study at their first teen tot clinic visit, which generally occurred several months postpartum. Written informed consent was obtained for participation, and the protocol was approved by the hospital's institutional review board. Participants received an incentive of $10 for completing questionnaires at each data collection point.
Design
Adolescent mothers were followed prospectively with data collected for this study at baseline (at study enrollment), 12 weeks from baseline, and one year from baseline. Baseline demographic data included race/Hispanic ethnicity, current education status (e.g., in high school, in GED program, completed high school), TANF (Temporary Assistance for Needy Families-cash assistance) enrollment, living situation (e.g., living with parents, grandparents, father of baby, foster care), religious background and current religious affiliation (e.g., Protestant, Catholic, no religion), sources of income (e.g., from own job, from father of baby, from unemployment), mental health history of the participant and her family (e.g., prior suicidal ideation or gesture, prior receipt of therapy or medication), and main sources of social support (e.g., own family, father of baby) and child care (e.g., self, own family, father of baby). Psychoeducational parenting groups of 12-weeks' duration were offered to adolescent mothers and 44 of the initial 120 participants took part in these groups. Trained research assistants administered standardized psychosocial measures.
The CES-DC, a modified version of the adult Center for Epidemiological Studies Depression Scale (CES-D), was used to assess depressive symptoms instead of the adult version due to the lower reading level and high reliability of the CES-DC in populations under 18 years old [26] . The measure consists of twenty self-report items inquiring about symptoms during the previous week. Examples include, ''I did not feel like eating, I wasn't very hungry'' while another states ''I am unhappy.'' Each item is scored on a Likert-type scale from 0 = Not at all to 3 = A lot, except for four items which are reverse scored. The total possible score is 60. A cutoff score of C16, used in the current study, provides a useful screening tool for possible major depression according to Fendrich [27] . This sample yielded a Cronbach's alpha of 0.86-0.90 for the CES-DC across the three time points.
The Duke-UNC Functional Social Support Questionnaire was used to measure social support. It is composed of 14 self-report items assessing quantity of support; with subscales measuring confidante, affective and instrumental support [28] . It provides a total score that can be used to follow trends over time and to compare groups. Higher scores indicate a greater presence of social support. The five response options range from 1 = ''I get much less than I would like'' to 5 = ''I get as much as I would like'' for questions such as ''…chances to talk to someone I trust about personal and family problems.'' For scoring, a horizontal line is drawn between response options 1 through 5 and responses are scored from between 1 and 48 possible points, so that the total possible score for the entire measure is 48 times the 14 items, or 672. This measure has been well tested in multiple family practice populations and had a Cronbach's alpha of 0.83-0.89 across the three time points in the current study.
Analysis
Data analysis was performed using the SPSSÒ 16.0 statistical package. Frequencies, means, standard deviations, and other measures of central tendency were assessed for all demographic and psychosocial variables. To assess factors associated with teen mothers' depression, overall sample bivariate analyses were performed for the categorical and continuous variable using Chi-square tests, independent sample T tests, ANOVA, and Pearson and Spearman's correlations. Any relationships with P \ 0.2 at the bivariate level were retained for the multivariable model.
Multivariable analysis controlling for potential confounders was performed using mixed effects modeling [29] with CES-DC scores at baseline, 12 weeks from baseline, and one year from baseline as the dependent variable, and social support scores for all three time points as the primary independent variable. Because the assignment to psychoeducational groups was a potential confounder or effect modifier in the relationship of social support and depression, the final model controlled for group assignment even though the group assignment was not an independent predictor in the bivariate or multivariate analyses. Mixed effects modeling was chosen for its utility in analyzing time-varying covariation of longitudinal data, which was specifically our interest in assessing the relationship between social support and depression over time. This type of multilevel analysis is able to account for both fixed and random effects of clustered data, taking into account differences between between-subject and within-subject variation [29] . In addition, this kind of model was felt to be superior to a traditional repeated measures analysis because mixed effects models allow calculation of parameter estimates even with some missing data points.
We hypothesized that the trend over time in depressive symptoms, as well as how strongly social support was associated with depressive symptoms, would be modified by the teen mothers' baseline level of depressive symptoms. Therefore, we conducted our multivariable analysis separately for those having CES-DC scores below the depressive symptom cutoff score (\16) from those with CES-DC score suggesting major depression (C16). Moreover, we found in preliminary analysis of CES-DC score trends over time that the trend was not linear across the three time points. Consequently, in addition to analyses of all three time points, we chose to analyze the trend between baseline and 12 weeks separately from the trend between 12 weeks and 1 year. The resulting four models were analyzed separately: (a) baseline to 12 week data and (b) 12 week to 1 year data stratified by baseline level of depressive symptoms (CES-DC scores \ 16 vs. C16).
Results
Overall Sample
One-hundred and twenty teen mothers completed measures at baseline, 99 (83%) at 12 weeks, and 89 (74%) at 1-year. Seventy-seven (64%) completed all three measurements. Fourteen teens declined to enter the study at baseline. The majority of participants were African-American or Latina, in school or had graduated high school, and received social and material support from their own families (Table 1) . At the time that baseline psychosocial measures were obtained, mothers were on average 17.4 ± 1.3 years old, and babies 5.1 ± 5.0 months old (Table 1) . Overall mean CES-DC scores were C 16 at all time points: baseline, 18.7 ± 10.3 with 53% C 16; at 12 weeks from baseline 18.4 ± 11.4 with 57% C 16; and at one year from baseline 20.0 ± 11.4 with 57% C 16. Mean social support scores for all participants were 488.2 ± 108.9 at baseline, 477.2 ± 119.3 at 12 weeks, and 456.8 ± 121.1 at one year.
Since 31 of the initial participants were lost to follow-up one year from baseline, we compared study participants who had dropped out vs. those who remained in the sample at one year. The only significant difference found was that those lost to follow-up at one year had higher rates of receiving TANF assistance compared to those retained (57.3% vs. 36.7%, P = 0.05).
Bivariate analyses of the overall sample revealed that depressive symptoms were inversely associated with social support at all time points (Spearman's rho = -0.277 to -0.504, P \ 0.01). In addition, baseline CES-DC scores were positively correlated with mother's age (Spearman's rho = 0.244, P = 0.007), and negatively correlated with support (income, child care) from baby's father or partner (Spearman's rho = -0.248, P = 0.008). There was no relationship between CES-DC score and the baby's age at baseline.
In longitudinal, multivariable analyses across all three time points for the entire sample, there was ultimately no difference in CES-DC scores over the one year measurement period. This overall result, however, masked major differences in time trends both by baseline CES-DC score and between the two interval time periods, baseline to 12 weeks from baseline vs. 12 weeks to 1 year from baseline.
Depressive Symptoms Subgroups
In examining the demographics of the groups stratified by baseline CES-DC score, we found that those with lower scores had significantly higher rates at baseline of receipt of social support from their baby's father and his family compared to those with higher CES-DC scores (Table 1) . Not surprisingly, those with higher scores had higher rates of reporting prior suicidal ideation and gestures. Table 2 displays mean CES-DC and social support scores at the three time points for participants with lower (\16) and higher (C16) CES-DC scores at baseline. Teen moms with higher CES-DC scores at baseline showed a significant decline in CES-DC scores from baseline to 12 weeks (mean 27.0 ± 1.2 down to 23.4 ± 1.7, P = 0.017), after which the scores changed little between 12 weeks and one year. In contrast, there was a small increase in CES-DC scores over time among teen moms with lower CES-DC baseline scores, although the change failed to meet statistical significance for either time period. Interestingly, there was a significant decline in social Table 1 Baseline demographic information for the overall sample and for each baseline CES-DC score subgroup support scores between baseline and 12 weeks for teen moms with lower baseline CES-DC scores (mean = 523.3 ± 14.6 down to 484.9 ± 17.9, P = 0.035) while social support scores showed little change during this time period among teen moms with higher baseline CES-DC scores.
In mixed effects modeling of the relationship between social support and CES-DC scores over time, we found a strong inverse relationship over the year for teen moms who had higher baseline CES-DC scores (C16) ( Table 3) ; i.e., higher social support scores predicted lower CES-DC scores over time for this group. The relationship between social support and depressive symptoms was less strong, however, for teen moms who had lower CES-DC scores (\16) at baseline. For these moms, social support was negatively associated with depressive symptoms between baseline and 12 weeks, but social support was not a significant predictor of the trend between 12 weeks and 1 year.
Discussion
In our study of adolescent mothers in an urban setting, we found that more than 50% were experiencing depressive symptoms at all three time points (baseline, 12 weeks, and one year) and that there was an inverse association between measures of depressive symptoms and social support, particularly in adolescents with higher levels of depressive symptoms at baseline. For adolescent mothers with fewer depressive symptoms at baseline, this inverse association between self-reported social support and depressive symptoms was not as strong and did not persist beyond 12 weeks after study entry. These associations were observed among patients in a teen tot clinic setting in which all participants were receiving intensive case management. Although little information is available in the literature about the longitudinal relationship of social support and depressive symptoms, previous studies have found high levels of depression among adolescent mothers soon after delivery and associations between depression and social support up to 4 months postpartum [8, 16, 23] . In our study, depressive symptoms were still present at one year and were related to social support levels among teen mothers with baseline scores suggestive of depression.
This study also found increased prevalence of depressive symptoms with maternal age at baseline. This is consistent with national rates of major depressive episodes in adolescents which increase from 4% in 12-13 year olds to 8% in 14-15 years and 12% in 16-17 year olds [30] . However, the prevalence of depressive symptoms reported by our sample was far above national averages. Although duration of prior depression was not directly measured, depressive symptoms were probably longstanding for many participants. At baseline, approximately half of adolescents reported prior history of psychotherapy and over onequarter admitted to past suicidal gesture or ideation. Prior studies have found that depression in early adolescence predisposes adolescents to poorer health outcomes, increased health care utilization and decreased work Controlling for race/ethnicity; income from TAFDC, baby's father, and the teen mother's parents; time; parenting group participation; child care from baby's father; and mother's and baby's age performance by age 20 [31] . These risks, coupled with poorer parenting behaviors and coping mechanism in depressed parents, place adolescent parents and their children at risk for poorer health and developmental outcomes [9, 11, 14] . There remain a number of unanswered questions. It is unclear why adolescent mothers with lower levels of depressive symptoms did not demonstrate the same association with social support. While the group with more depressive symptoms had a decrease in score in the first 12 weeks, no further improvement occurred from 12 weeks to one year, while social support levels did not change significantly throughout the year for this group. Of note, for the group with less depressive symptoms at baseline, their social support scores decreased initially while those of the group with more depressive symptoms did not. Perhaps, more or less depression colored perceptions, awareness of and expectations for social support. Those with more depressive symptoms initially may have perceived less social support; while those with fewer depressive symptoms may have had higher expectations and were disappointed, in the follow-up interval, by the reality of whatever social support materialized. Another possibility is that the adolescent mothers with fewer depressive symptoms, over time, may have felt less need for social support, utilized less support, and reported this decrease, while those with more depressive symptoms may have sought and obtained support on a more consistent basis. Social support especially from friends and relatives may decrease from the pre-natal and immediate post-natal periods, after the baby showers and hospital visits, when adolescents are expected to get back to school, care for their babies and move on in life. Barnet and colleagues found that the proportion of female pregnant and parenting teens that designated their mother or the baby's father as social support sources decreased prenatally to postpartum [23] . This in fact supports the importance of ongoing social support mechanisms during the baby's first year of life, whether from peer programs, home visiting interventions, school-based groups or youth development strategies.
There were several limitations to this study. Sample attrition occurred over the one year period, with 31 of 120 lost to follow-up at one year. With about one quarter of the original sample being lost to follow-up, attrition bias is a concern. However, the two groups were quite similar in their demographic characteristics other than the difference in receipt of TANF assistance. The sample size was sufficient to detect moderate or large effects but not small effects. A convenience sample of predominantly African American and Latina adolescent girls attending a teen tot program was used, which may limit the generalizability of our findings. In addition, the Duke Social Support Scale does not contain items that specifically measure support from healthcare or social work providers. Data on other mediators of depression such as standardized measurement of stress, interpersonal or relationship difficulties, or parental depression were not obtained.
Various studies have chosen different cutoff CES-DC scores when examining associations between depressive symptoms and social support. The threshold used here, of C16 versus \16, as noted above, has been described by Weissman et al. [33] , and supported by Fendrich and colleagues as a potential screening tool for depression. Other researchers have used this cutoff as well in studies about adolescents [18, 34] . Barnett and colleagues, however, have chosen a higher cutoff score of C21, stating that scores above 20 suggest moderate to severe depression [23] . The particular threshold of \16 vs. C16 was chosen for this current investigation because, as noted above, there was precedent in the literature, and we found differential effects, in trends over time and relationships with social support, for the two groups.
The participation of 36% of mothers in parenting skills groups was a potential confounder, and thus we carefully analyzed whether there was any effect on outcomes or social support, but no relationship was found. A qualitative assessment of these groups did note that participants appreciated the opportunity to talk with other teen mothers and group leaders and reported a decreased sense of loneliness [32] .
In summary, depressive symptoms were common among adolescent mothers and improvement in depressive symptoms was associated with higher levels of social support. Our study found that this association between depressive symptoms and reported social support varied based on a teen mother's initial level of depressive symptoms. Adolescents reporting more depressive symptoms at baseline appeared to be more sensitive to positive moderating effects of social support at one year follow-up than adolescents initially reporting lower levels of depressive symptoms. This suggests a potential positive impact of adolescent parenting programs that specifically target social support, especially for depressed adolescents. Designing parenting interventions that foster positive relationships with caring adults as suggested by a recent evidence-based summary seems most likely to have positive effects on long-term outcomes [35] . Interventions for adolescent parents should also incorporate mechanisms that provide access to depression treatment. National data show that African American and Hispanic groups are less likely to receive professional treatment for depression [36] . Assessing levels of depressive symptoms for adolescent mothers entering care is an important first step in order to assure additional individualized services. Developing new measures to assess the specifics of these adult-adolescent relationships may also add to our knowledge of the effect of social support on psychosocial functioning and depression. Further research is needed to elucidate specific mechanisms for enhancing social support within health care programs for parenting teens and to foster better outcomes for these youth. Clearly, there is a need for effective short-and long-term interventions to lessen depression and enhance social support in adolescent mothers; and such research could provide guidance for the interventions' design. This study suggests that assessing level of maternal depressive symptoms on entry into an intervention could guide intensity of support mechanisms that are provided throughout care.
